A new approach is proposed incorporating heuristic optimization algorithm with a switch to a local search algorithm for the multidisciplinary design of solid launch vehicle at conceptual level. Heuristic optimization algorithms such as Genetic Algorithm often may locate near optimum solutions at the expense of large function evaluations. Local search algorithms including both gradient and non gradient based optimization methods are only efficient in finding the optimal solutions within convex areas of the design space but fail to determine the global optimal in multimodal design space. The hybrid optimization approach presented in this paper switches between the global and local search methods to minimize the gross liftoff weight to deliver the predetermine payload to the low earth orbit. The computational efficiency of the devised hybrid method is compared with the computational efficiency of conventional hybrid method applied to the same problem. Comparison of the developed scheme with the conventional optimization approach shows that developed approach requires less computation time. 
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I. Introduction
ethods and tools for multidisciplinary design and trajectory optimization of space launch vehicle at conceptual stages have recently become an important topic within the space community. Design of the solid launch vehicle is a complex process requiring analysis and optimization across multiple disciplines [1] . In many
In numerical optimization literature, the sequential quadratic programming (NLPQL) procedure is popularly used as a local optimization procedure. The procedure computes the gradients numerically and solves approximated quadratic programming problems sequentially till a local optimal solution is found. The main advantage of this technique is its ease of use combined with a very robust implementation. This technique assumes that objective function and constraints are continuously differentiable. The idea is to generate a sequence of quadratic programming subproblems, obtained by a quadratic approximation of the Lagrangian function, and a linearization of the constraints. Second order information is updated by a quasi-Newton formula, and the method is stabilized by an additional line search.
C. Hybrid Optimization Method
While Genetic Algorithm (NSGA-II) gives a well approximation of the global solution, Sequential Quadratic Programming method (NLPQL) obtains a more accurate solution in a smaller number of objective function evaluations. Furthermore, if the initial point is far from the global solution, the NLPQL algorithm may be trapped in local optima. Unlike NSGA-II algorithms, which always find the global solution at the first run, while NSGA-II allows assuring the global optimum in the vicinity of the used initial point. Therefore, NLPQL can be combined with NSGA-II to get a new algorithm called Hybrid method. This one can find the global optimum with high accuracy and also with a reasonable number of evaluations. In this study a conventional and new hybrid technique, NSGA-II & NLPQL, has been developed in which the genetic algorithm (NSGA-II) is combined with sequential quadratic programming (NLPQL) method.
Both hybrid methods have been applied to the conceptual design optimization of multistage solid launch vehicle which is highly multidisciplinary in nature. In practice, optimization problems always have some constraints involving physical, geometric or other limitations restricting the search. To handle such constraints, various methodologies are used. Of these, the penalty parameter based approaches are commonly used. One difficulty in these methods is to set an appropriate value of the penalty parameters. To overcome this difficulty, researchers suggested various methods; of them the use of multi-objective optimization in minimizing constraint violation as additional objective(s) was found to be a viable approach. In this study, one such procedure has been applied for design optimization of solid launch vehicle in which two objectives are used. In addition to the gross liftoff weight as objective function, the approach constructs the overall normalized constraint violation as the second objective for minimization. 
III. Analysis Methodology
Conceptual design problem has been formulated using Multiple Discipline Feasible method (MDF). The MDF method is an optimization approach to attain the system objective while implementing a number of disciplinary analyses and their constraints. In particular, the objective function depends on a number of independent variables and state variables that are functions of independent variables. The state variables are computed via the disciplinary analyses, with a number of interdisciplinary variables that carry information from one discipline to another. Multidisciplinary analysis is carried out by iterating between the disciplines until single-discipline feasibility is achieved in all the disciplines, simultaneously. The proposed design structure matrix including disciplines and the flow of data between the disciplines is shown in figure (1).
In figure (1), X is a vector of local design variable vectors and common design variable vectors shared by disciplines and the sate variable vector Y is the vector of responses/output from the respective disciplines. F and CV are objective functions. Gross liftoff weight and constraint violations are desired objectors for this study. For design optimization of the solid launch vehicle, several disciplines should be considered acting interactively which are stated in the figure (1). Specifically, MDO takes into account the structure, aerodynamics, propulsion, and trajectory disciplines in the design of the vehicle.
The design requires proper consideration of the effects of each discipline on the vehicle and their interactions. Each discipline's codes are written in MATLAB and then they are integrated in a design structure matrix using iSIGHT framework. Design variables and constraints are shown in table (2) and table (3).
Figure 1: Multidisciplinary Conceptual Design based on Multiple Disciplines Feasible formulation for SLV using proposed hybrid optimization technique
Aerodynamic discipline gets variables from vehicle definition, structure and trajectory disciplines. The length of solid motor and the area of motor, Mach number and angle of attack are input variables to the aerodynamic model. Output variables of aerodynamic model consist of aerodynamic coefficients and center of pressure. Output variables of aerodynamic discipline are fed to the weight and trajectory discipline. 1, 2,3 i = The outputs of propulsion discipline are the mass of solid fuel, the total mass of motor; the length of the motor, motor's area, the velocity of burnt products and the pressure in the chamber and exit of the stage motor; motor burn time. The outputs of propulsion discipline are fed to the weight, aerodynamic and trajectory disciplines. The analysis proceeds from one discipline to the next with data being exchanged between them. In fact, variables are passed from one discipline to the other.
A. Vehicle definition
The main design requirements for a space launch vehicle are the mass of the payload and the orbit level that the payload must reach. As for any design procedure, also in the proposed integrated procedure the first step is given by In this study multistage launch vehicle consists of 3 stages and all the stages contain solid propellants. The general shape that has been used is the ogive nosecone and cylindrical body. Four fins in a cross shape configuration are located at the aft end of the first stage. No other stages have any fins or wings. The body diameter is constant for individual vehicle stages. The design mission is shown in table (4). Design optimization is performed to minimize the total weight of the SLV, while satisfying the given design constraints and to minimize the total constraint violation. 
B. Weight/Structure
In the weight analysis model, components weights and the gross weight of the entire vehicle are computed from the geometry and flight performance parameters in the design variables, the component sizes as given by the vehicle definition, and the amount of propellant as provided by the trajectory analysis. The mass of the vehicle is not constant as it burns and ejects propellant during flight. Thus, the mass properties change with time and the mass properties models used in this analysis reflect this change. The physical model of the launch vehicle involves a basic setup where almost all of the individual components are stacked vertically adjacent to each other. Starting at the nosecone and working toward the aft end of the vehicle, the mass properties of each component are analyzed individually and in sequence. There is no space between each component and the lengths of each component are added together to determine the total stage length. The total vehicle length is determined by summing the stage lengths, the electronics length and the nosecone length. Also, all components are oriented about the centerline of the vehicle thus making the entire vehicle axisymmetric.
Some components are not considered to be stacked components. For example, the motor casing is modeled as a hollowed-out cylinder that contains a few of the internal solid rocket components. The length of the motor case is equal to the length of the propellant grain. Like the other components, the motor case cylinder is also oriented along the vehicle center line in order to ensure mass symmetry. Using the mass properties of the individual components, the overall mass properties of the entire vehicle are determined. These values are then summarized to build a mass properties/structure discipline which shares data with other disciplines interactively.
C. Aerodynamics
The aerodynamic model calculates aerodynamic coefficients and center of pressure of the vehicle. These coefficients are fed to trajectory model in order to calculate aerodynamic forces and moments. The input variables to the aerodynamic discipline are Mach number, angle of attack and configuration of the vehicle. Configuration characteristics of the vehicle consist of payload shape, finsets, and motor size. The payload shape and finsets are considered constant, but the diameter and length of each stage varied since the characteristics of propulsion system is changing.
The aerodynamics model is organized to determine the aerodynamic properties of the vehicle at each stage of flight. The model is run initially for the entire vehicle with all stages stacked together. In the 3DOF flight dynamics simulator, the aerodynamics model is called again after Stage 1 burnout. The aerodynamic properties are calculated again; this time with the first stage of the vehicle gone and the corresponding velocity and pressure conditions being used. This procedure continues as subsequent vehicle stages burn out and the vehicle's geometry changes. The 3DOF flight dynamics simulator keeps track of variables such as Mach number, atmospheric pressure, atmospheric density etc. This information in conjunction with the aerodynamic characteristics and the mass properties of the vehicle is used in calculating all of the aerodynamic forces on the vehicle in flight.
D. Propulsion
The propulsion analysis calculates thrust forces and specific impulses of the each solid fuel stage motor. The propulsion system is linked with trajectory module for performance analysis. The major part of the weight of Launch Vehicle is dictated by propulsion system analysis. Solid-propellant rockets are most useful for applications requiring high thrust from a compact package in a single burn.
For a multi-stage vehicle, the number of times each propulsion system model is evaluated corresponds to the number of stages in the vehicle. The propulsion characteristics of each stage are determined separately and in sequence. It is useful to discuss some of the basic equations associated with rocket propulsion that are used in the propulsion system models. First, a steady flow assumption through a choked nozzle is assumed. This allows the mass flow discharged through the nozzle to be calculated as: (1) becomes:
The characteristic velocity of the rocket, c * , can be written as: 
Additional equations are used to calculate the thrust of the rocket, the thrust coefficient, and the exit velocity. From the uniform, steady, one-dimensional momentum equation, the thrust, T, is determined to be:
T mV p p A = + − (5) The coefficient of thrust, T C , is defined as:
Substituting mass flow rate from equation (4) in equation (5) and then thrust from equation (5) into the equation (6), coefficient of thrust becomes:
T e e a e c c t
The uniform, steady, one-dimensional energy equation can be used to find the exit velocity of the nozzle assuming an adiabatic flow. 
Assuming an isentropic expansion through the nozzle and using some thermodynamic substitutions, the exit velocity can be written as: 
E. Trajectory
The trajectory model computes the forces of each stage thrust, atmospheric drag, and gravity acting on a point mass. The forces are summed in the equations of motion to give total vehicle acceleration. The position and velocity of the booster as a function of time are obtained by standard numerical techniques. The equations of motion are also numerically integrated from an initial to a terminal set of state conditions. Within the present investigation, the vehicle is modeled as a point-mass, Earth rotation and oblateness are treated, and the 1976 standard atmosphere (no winds) is used.
The required set of trajectory inputs includes vehicle, e.g., GLOW, liftoff thrust-to-weight ratio, and aerodynamic coefficients and vehicle area, as well as trajectory parameters (pitch-angle history, launch azimuth, and the propulsion-mode and nozzle-transition Mach numbers). This domain-specific analysis is responsible for evaluation of the inflight and terminal constraints, computation of the vehicle mass ratio, and determination of the required total propellant mass fractions (weights and sizing inputs). Terminal constraints on altitude, velocity, and flight-path angle as well as maximum inflight dynamic pressure, angle of attack, pitch rate, and normal force limits are enforced. 
IV. Results and discussion
Design optimization results for the three stage solid propellant launch vehicle are presented here. The design optimization for the proposed hybrid method uses a population size of 10 members. The optimization is intended to run for 100 generations before switches to local optimizer. In the local optimization, a randomly selected solution is modified. Gradients are computed numerically within sequential quadratic programming. By this method, the selected solution reaches its nearest local optimal solution after NLPQL. Therefore, the modified solution is put back to NSGA-II and search continues for another 10 generations. This procedure continues till the optimal result. The design optimization for the conventional hybrid method uses a population size of 50 members. In this method, the optimization is intended to run for 150 generations and then local search is applied to the entire final solution.
In the present work, several simulations have been performed to evaluate the performance and efficiency of two hybrid optimization methods. Figure (2) shows the computational efficiency of proposed hybrid method as compared to conventional optimization method. Proposed hybrid method requires less function evaluations to optimize the gross lift of weight as shown in table (8) . A constraint violation approaches to zero within 1000 function evaluations in all the 3 attempts for both hybrid methods. The gross liftoff weight approaches to minimum in a maximum of 3558 function evaluations for the proposed method whereas it requires maximum of 7968 function evaluations for the conventional hybrid method. Results obtained in attempt 02 are selected as the best based on the maximum orbital velocity and altitude close to the desired mission as shown in table (7) and table (8) . figure (4f) , in which the altitude has reached the orbital altitude at the top of the parabolic trajectory.
V. Conclusion
This paper shows how different optimization concepts can be put together for a better and more efficient algorithm. The global and local optimizers work in concert to efficiently locate quality design points more efficiently in less function evaluations by using proposed approach. More such studies may be made to perfect the act of global and local optimization adaptively.
